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RESUMO 
 
As metodologias ativas são consideradas estratégias úteis de aprendizado, pois favorecem a 
autonomia do aluno, despertando a curiosidade e estimulando as tomadas de decisões. Como 
opção de metodologia ativa de ensino, jogos educacionais podem aumentar o interesse e a 
retenção de conhecimento, além de estimular a habilidade dos alunos para resolução de 
problemas. Para o ensino de fisiologia cardíaca, foi desenvolvido o “quebra-cabeça do ciclo 
cardíaco”, que tem sido utilizado nas aulas de fisiologia cardiovascular, no curso de 
Graduação em Odontologia da FOP – UNICAMP. O objetivo deste estudo foi avaliar o efeito 
do uso do quebra-cabeça no aprendizado sobre fisiologia cardíaca. Alunos e alunas do 
segundo semestre do curso de Odontologia da Faculdade de Odontologia de Piracicaba – 
UNICAMP (n = 62), com idade entre 18 e 25 anos, foram divididos em 2 grupos: Controle e 
Jogo. Os 2 grupos assistiram a quatro aulas e realizaram a atividade com o jogo na aula 2. Na 
aula 1, o grupo Controle teve uma aula teórica de duas horas, sobre fisiologia cardíaca, 
abordando as características especiais das células cardíacas, descrição detalhada do ciclo 
cardíaco, e a relação entre as características especiais do coração e as fases do ciclo cardíaco. 
O grupo Jogo teve uma aula teórica de 50 minutos, sobre os mesmos tópicos abordados na 
aula do grupo controle, excluindo a descrição do ciclo cardíaco e relação entre as 
características especiais do coração e as fases do ciclo cardíaco. Na aula 2, o grupo Controle 
fez um teste (perguntas para avaliação do aprendizado) antes da atividade com o quebra-
cabeça do ciclo cardíaco, e o grupo Jogo respondeu às mesmas perguntas após a atividade 
com o jogo educacional. O grupo controle fez a atividade com o quebra-cabeça, logo após o 
teste. Ao resolver o quebra-cabeça, os alunos descreveram o ciclo cardíaco, relacionando os 
conceitos de morfologia cardíaca com a sua fisiologia. Na aula 3, todos os alunos 
participaram de uma discussão geral sobre ciclo cardíaco, a fim de sanar suas dúvidas. Na 
aula 4, os alunos fizeram uma prova da disciplina em que se insere o tema fisiologia 
cardiovascular. Para avaliar a aprendizagem, comparamos o número de acertos e erros no 
teste, e as notas obtidas nas questões sobre fisiologia cardíaca que faziam parte de uma prova 
da disciplina, entre os grupos Controle e Jogo (Teste t de Student, p < 0,05). No teste, o grupo 
Jogo apresentou menor número de erros (2.74 ± 0.42) e maior nota (7.20 ± 0.22), em 
comparação com o grupo Controle (5.62 ± 0.68; 5.51 ± 0.35, respectivamente). Na prova, 
aplicada após ambos os grupos terem utilizado o quebra-cabeça, não houve diferença nas 
notas obtidas pelos grupos Controle (8.93 ± 0.40) e Jogo (9.12 ± 0.33), nas questões sobre 
 
 
 
 
fisiologia cardíaca. Estes resultados mostraram um efeito positivo do quebra-cabeça sobre o 
aprendizado dos alunos sobre fisiologia cardíaca, em relação aos alunos que não o utilizaram. 
Além de melhorar o aprendizado sobre fisiologia cardíaca, o jogo ajudou-lhes a compreender 
e relacionar as características morfológicas do coração a sua fisiologia. 
 
Palavras chaves: aprendizagem, ensino, jogo educacional, fisiologia, quebra-cabeça. 
 
 
 
 
ABSTRACT 
 
The active methodologies are considered useful strategies of learning, because they favor the 
autonomy of the student, arousing the curiosity and stimulating the making of decisions. As 
an option for active teaching methodology, instructional games can increase interest and 
retention of knowledge, as well as stimulating students' ability to solve problems. For the 
teaching of cardiac physiology, the "cardiac cycle puzzle" has been developed, which has 
been used in the cardiovascular physiology classes of the Undergraduate Course in Dentistry 
of Piracicaba Dental School - University of Campinas in Piracicaba. The aim of this study 
was to evaluate the effect of using a puzzle to learn about cardiac physiology. Students of the 
second semester of the Dentistry course of Piracicaba Dental School - UNICAMP (n = 62), 
aged between 18 and 25 years, were divided into 2 groups: Control and Game. The 2 groups 
attended four classes, performing the activity with the game in the class 2. In Class 1 the 
control group had a two-hour theoretical class about cardiac physiology, approaching the 
special characteristics of cardiac cells detailed description of the cardiac cycle, and the 
relation between the special characteristics of the heart and the phases of the cardiac cycle. 
The Game group had a theoretical class of 50 minutes, on the same topics covered in the class 
of the control group, excluding the description of the cardiac cycle. In class 2, the Control 
Group did an assessment exercise before an activity with the cardiac puzzle, and the Game 
Group answered the same questions after the above-mentioned activity. The Control group 
did the activity with the puzzle immediately after the assessment exercise. While solving the 
puzzle, the students had to describe the cardiac cycle by relating the concepts of heart 
morphology and physiology. In class 3, all the students participated in a general discussion 
about the cardiac cycle, in order to solve their doubts. In class 4, all the students passed an 
exam of the subject in which cardiovascular physiology is included. In order to evaluate the 
learning, we compared the number of correct answers and errors in the test, and the notes 
obtained in the questions about cardiac physiology that were part of a test of the discipline, 
between the Control and Game groups (Student’s-t test, p < 0,05). In the assessment exercise, 
the game group presented a lower number of errors (2.74 ± 0.42) and higher score (7.20 ± 
0.22) in comparison with the control group (5.62 ± 0.68; 5.51 ± 0.35). In the academic exam, 
applied after both groups had used the puzzle, there was no difference in the score obtained by 
the Control (8.93 ± 0.40) and Game Groups (9.12 ± 0.33) in questions about cardiac 
physiology. These results showed a positive effect of the puzzle on students' learning about 
 
 
 
 
cardiac physiology, when compared with those not using it. In addition to improving learning 
about cardiac physiology, the game helped them understand and relate the morphological 
characteristics of the heart with its physiology. 
 
Keywords: learning, teaching, educational game, physiology, puzzle. 
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1 INTRODUÇÃO  
 
No século XX, o desenvolvimento das tecnologias de informação e comunicação 
possibilitaram formas mais dinâmicas de acesso ao conhecimento (Nascimento et al., 2016), 
influenciando significativamente o processo ensino-aprendizagem na educação formal e 
informal.  
Os alunos, desde a infância, dominam o uso de computadores, vídeo games, 
celulares e outros dispositivos móveis de comunicação. São chamados de nativos digitais e 
caracterizam-se pelo aprender “fazendo”, pela busca por resultados rápidos, necessidade de 
conexão constante a uma rede de contatos e pela impaciência (Prensky, 2001; Margaryan and 
Littlejohn, 2008).  Por outro lado, os imigrantes digitais não nasceram no mundo digital, mas 
foram inseridos nele. Nesta categoria incluem-se os professores que enfrentam o grande 
desafio de ensinar as novas gerações, de alunos “fluentes” em tecnologia. Estes alunos estão 
acostumados a receber múltiplas informações ao mesmo tempo, acreditam ser multitarefa, e 
têm grande dificuldade de concentração (Prensky, 2001; Botacim et al., 2016). Porém 
segundo Margaryan e Littlejohn (2008) nem todos os jovens podem ser considerados nativos 
digitais, pois muitos não sabem utilizar a tecnologia da informação de forma correta para seu 
aprendizado.  
Os imigrantes digitais não apreciam muito a forma de aprender dos nativos 
digitais, por acreditarem que os mesmos métodos que funcionaram quando eram alunos, 
funcionarão com os nativos digitais (Prensky, 2001). Esta crença é fonte de muitos conflitos e 
insatisfações para alunos e professores. As estratégias tradicionais limitam o processo de 
ensino-aprendizagem à reprodução do conhecimento, no qual o professor é o transmissor de 
conteúdos e os estudantes são expectadores, numa atitude passiva e receptiva, sem a 
necessária crítica e reflexão (Mitre et al., 2008).  
Estudos na área de ensino têm evidenciado a necessidade de os professores 
reverem os conteúdos a serem ensinados, as metodologias de ensino e a forma de avaliação da 
aprendizagem, para que ocorra o aprendizado significativo (Prensky, 2001; Silverthorn, 2006; 
Trindade et al., 2014; Botacim et al., 2016; Moura et al., 2016).  Nos diferentes níveis do 
sistema educacional, algumas mudanças têm sido implementadas para tornar o processo de 
ensino-aprendizagem centrado no aluno, por meio da utilização de métodos de ensino 
reflexivos e inovadores, no qual o aluno se torna responsável pela construção de seu 
conhecimento (Mitre et al., 2008; Pinto et al., 2012; Rocha and Lemos, 2014). Segundo 
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Gurpinar et al. (2013), o aluno deve ser protagonista do seu aprendizado e isto é fator crucial 
para que os objetivos educacionais sejam alcançados. 
As metodologias ativas são consideradas estratégias úteis de aprendizado, pois 
favorecem a autonomia do aluno, despertando a curiosidade e estimulando as tomadas de 
decisões, que são essenciais na prática profissional e no convívio social (Berbel, 2011; Borges 
and Alencar, 2014). Há diferentes possibilidades de trabalhar com metodologias ativas e 
estimular os alunos a participarem ativamente do seu processo de ensino-aprendizagem: 
aprendizagem baseada em problemas, aprendizagem em pares, mapa conceitual, portfólio, 
dramatização, jogos educacionais.  
Na aprendizagem baseada em problemas, inicia-se a aprendizagem com a 
apresentação de um problema. Os alunos identificam os tópicos conhecidos e desconhecidos, 
pesquisam o que não sabem, discutem em grupo as possibilidades de resolução do problema, 
fazem pesquisas em diferentes fontes, construindo seu conhecimento sobre o assunto 
abordado ao longo destas etapas. O docente é o tutor, e tem como função garantir que todos 
participem e que a discussão não se distancie do tema, de forma que os alunos possam 
alcançar os objetivos de aprendizado para aquele problema (Figura 1) (Rocha and Lemos, 
2014).  
 
Figura 1. Aprendizagem Baseada em Problemas 
 
 
 
 
 
 
 
 
 
Fonte: Imagem adaptada de Presently Gifted, 2017. 
 
 
A aprendizagem em pares é uma estratégia de ensino, na qual dois estudantes 
discutem a solução para questões propostas pelo professor. Esta discussão tem como objetivo 
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uma compreensão mais profunda do conceito que está sendo discutido, pois o ato de explicar 
o seu entendimento, contra as explicações e alternativas do outro, ajuda os alunos a se 
engajarem e a compreenderem melhor os conceitos (Figura 2) (Crouch and Mazur, 2001; 
Lasry et al., 2008; Pinto et al., 2012).  
 
Figura 2. Aprendizagem em pares.  
Fonte: Imagem adaptada de Lasry et al., 2008. 
 
 
O mapa conceitual é uma ferramenta gráfica que, durante o seu desenvolvimento, 
permite ao aluno construir e organizar o seu conhecimento, além de ser uma forma de 
avaliação, na qual é possível avaliar os diferentes domínios cognitivos (West et al., 2000; 
Silva, 2015).  
O portfólio é outra metodologia, por meio da qual a construção feita pelo aluno é 
apresentada ao professor, evidenciando sua aprendizagem e permitindo o acompanhamento do 
seu progresso (Martinez Lirola and Rubio, 2009; Cotta et al., 2012).  
A dramatização exige definição de objetivos, planejamento e envolvimento dos 
alunos na resolução de problemas, estimulando-os à busca de informações fundamentais para 
a elaboração de uma apresentação (Tobase et al., 2009).  
Os jogos educacionais possibilitam o desenvolvimento cognitivo, afetivo e 
psicomotor, durante as discussões em grupo, resolução de desafios e aplicação dos 
conhecimentos adquiridos, além de aumentar o interesse e motivação. Os jogos educacionais 
podem ser utilizados antes de uma aula, como uma ferramenta motivacional, durante a aula, 
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como uma ferramenta de ensino ou após a aula, como uma revisão de conceitos (Tarouco et 
al., 2004; Barclay et al., 2011; Schneider and Jimenez, 2012; Marcondes et al., 2015).  
Estudos sobre a percepção dos alunos a respeito das metodologias ativas mostram 
que, segundo eles, tais metodologias auxiliam no seu aprendizado (Rodenbaugh et al., 2014; 
Su et al., 2014; Chandran and Ranjan, 2015; Marcondes et al., 2015; Dirks-Naylor, 2016; 
Fernandes et al., 2016; Fuller et al., 2016). Entretanto, esta percepção dos alunos pode ser 
influenciada por diferentes fatores e a avaliação da eficiência das metodologias ativas requer 
estudos sobre o efeito do método usado sobre o aprendizado.  
Avaliar a eficiência de um método de ensino apresenta algumas dificuldades 
práticas, em comparação a outros tipos de pesquisa científica. Isto se deve ao fato de envolver 
situações reais em sala de aula, que dependem da estrutura e carga horária da disciplina. Além 
disso, a realização da pesquisa pelo professor da disciplina pode influenciar positiva ou 
negativamente os resultados, dependendo da relação aluno – professor. Delineamentos do tipo 
controle e experimental podem gerar diferença de tratamento entre os alunos, o que pode 
gerar questionamentos do ponto de vista educacional e institucional. 
Uma das abordagens utilizada consiste na aplicação de pré e pós-testes, em que os 
estudantes respondem às mesmas questões (Chittaro and Buttussi, 2015; Diehl et al., 2015; 
Choudhury et al., 2016; Dirks-Naylor, 2016) ou questões muito semelhantes (Carnegie, 2015; 
Burleson and Olimpo, 2016; Li and Carvalho, 2016), antes e após a utilização de metodologia 
ativa. Outros estudos comparam o desempenho dos alunos em avaliações realizadas após aula 
teórica e após uso de metodologia ativa (McCarroll et al., 2009; Carvalho and West, 2011; 
Phillips and Fusco, 2015; Stetzik et al., 2015; Ghorbani and Ghazvini, 2016). 
Porém, implementar mudanças em sua forma de ensinar, não é algo fácil e não 
depende somente da vontade do professor de melhorar suas aulas, mas também dos alunos 
participarem ativamente dessa nova proposta do professor. Diante disso, o professor encontra 
algumas dificuldades, como a resistência dos alunos à utilização de um novo método de 
ensino. Muitas vezes o aluno pensa que, ao usar uma nova metodologia, diferente da aula 
expositiva tradicional, o professor deseja não dar aula. Essa resistência dos alunos decorre da 
sua formação anterior, enraizada numa visão conservadora, bem como pode estar relacionada 
à acomodação do aluno pelo caminho mais “fácil” ou receio do desconhecido. Entretanto, é 
importante que o professor mostre aos alunos, as vantagens e benefícios do novo método 
utilizado, para a aprendizagem e formação profissional do aluno, além de haver um suporte 
institucional  (Junges and Behrens, 2015).  
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Segundo as Diretrizes Curriculares Nacionais (2001), é necessário que os 
profissionais de cursos de graduação na área da saúde, tenham habilidades e competências 
para o trabalho em equipe, bem como o desenvolvimento do pensamento crítico e capacidade 
de aprender a aprender. Para adequar-se à essa necessidade, as instituições de ensino precisam 
repensar seus processos de ensino, discutindo seus projetos políticos-pedagógicos e as 
práticas docentes.  Entretanto, o que se encontra nas universidades é a priorização e a 
supervalorização da pesquisa científica. Isto faz os professores serem muito mais valorizados, 
reconhecidos e cobrados por sua produção científica do que por seu desempenho em sala de 
aula. Frente a essa realidade, o professor universitário, despende maior investimento de tempo 
e dedicação às atividades de pesquisa científica do que às atividades de ensino. Diante deste 
cenário, é um desafio, para o professor, inovar e melhorar suas aulas, pois essa mudança exige 
dedicação, investimento de tempo, atenção, planejamento, flexibilidade e preparação, que 
frequentemente não são reconhecidos na avaliação de desempenho do docente (Junges and 
Behrens, 2015; Lima, 2015; Santos et al., 2016).  
No curso de Odontologia da Faculdade de Odontologia de Piracicaba – 
UNICAMP, em 2005, houve uma reformulação do currículo e integração das disciplinas 
básicas - Anatomia, Fisiologia, Histologia, Bioquímica e Farmacologia – em duas novas 
disciplinas. A integração das disciplinas básicas envolveu revisão dos conteúdos ministrados e 
busca de metodologias de ensino alternativas. Nas novas disciplinas, participam professores 
das cinco áreas mencionadas, que ministram aulas teóricas, práticas e atividades integradoras. 
Estas atividades integradoras ocorrem na forma de atividades realizadas em grupo, tais como 
discussão de questões preparadas previamente, dramatização, elaboração de vídeos, resolução 
de questões. Durante a correção dessas atividades, os professores, em conjunto, discutem os 
acertos e erros, e solucionam dúvidas dos alunos.  Os alunos semestralmente avaliam as 
disciplinas cursadas e estas avaliações propiciam contínuo aprimoramento do currículo. Após 
a integração dos conteúdos, os alunos passaram a avaliar positivamente as disciplinas, como 
fundamentais para sua formação. Para os professores, a integração das disciplinas é um 
desafio contínuo, pois requer discussões, reuniões de planejamento e revisão dos métodos de 
ensino utilizados. 
Nas aulas de fisiologia das disciplinas integradas acima citadas, são utilizadas 
diferentes estratégias de ensino, tais como o uso de aplicativos de celular, aula dialogada, 
trabalhos em grupos, elaboração de portfólio e jogos educacionais. Um destes jogos é um 
19 
 
 
 
quebra-cabeça, que tem sido utilizado no ensino de fisiologia cardíaca, no curso de graduação 
em Odontologia da Faculdade de Odontologia de Piracicaba (apêndice 1).  
Considerando que a maior causa de morte no mundo são as doenças crônicas não 
transmissíveis, que geram além de mortes prematuras e perda de qualidade de vida, grande 
impacto econômico para a família e a sociedade (Abreu et al., 2014; Malta et al., 2014), e que 
as doenças do aparelho cardiovascular constituem as principais causas de morte no Brasil 
(Gaui et al., 2016), é necessário que os profissionais de saúde tenham o conhecimento técnico 
necessário para poderem orientar a população, diagnosticar e tratar adequadamente as doenças 
cardiovasculares (Abreu et al., 2014). E para orientar os pacientes, é fundamental que o 
cirurgião-dentista conheça e compreenda as características morfofuncionais do sistema 
circulatório, o que inclui o conhecimento da morfologia do coração e a compreensão da 
relação entre suas características morfológicas e sua fisiologia. Desta forma, o estudante e 
futuro profissional será capaz de compreender as alterações fisiopatológicas do coração e 
vasos, integrando conceitos das ciências básicas e clínicas (Guerrero, 2001; Azer, 2014).  
O desenvolvimento do quebra-cabeça do ciclo cardíaco se deu diante da 
dificuldade dos alunos em integrar seus conhecimentos da anatomia e histologia do coração 
com os conceitos envolvidos na geração e transmissão do estímulo elétrico cardíaco, 
funcionamento das valvas cardíacas e contração do músculo cardíaco (Marcondes et al., 
2015).  
Este jogo educacional foi inicialmente utilizado para reforço do aprendizado após 
aulas teóricas, e posteriormente passou a ser utilizado como uma metodologia ativa para que o 
aluno relacione e integre os conhecimentos prévios, e compreenda os eventos do ciclo 
cardíaco.  Os alunos assistem a uma aula teórica curta, de aproximadamente 50 minutos, sobre 
as bases da fisiologia cardíaca, abordando as características especiais das células cardíacas 
(fisiologia das células marcapasso e seu controle pelo sistema nervoso autônomo, comparação 
entre o potencial de ação do músculo esquelético e o potencial de ação em platô do músculo 
cardíaco, fibras de condução cardíacas e transmissão do estímulo elétrico no coração). Nesta 
aula, não é apresentada a descrição do ciclo cardíaco. Os alunos são orientados a estudar, em 
livro didático, o conteúdo abordado em sala de aula e também a descrição do ciclo cardíaco. 
Na aula seguinte, os alunos realizam a atividade com o quebra-cabeças do ciclo cardíaco.   
Após a adoção deste material didático os professores observaram que os alunos 
parecem ter maior facilidade em estabelecer as relações entre as características morfológicas 
do coração e o seu funcionamento. Além disso, os alunos avaliaram esse jogo como útil para 
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o seu aprendizado, por facilitar a compreensão do assunto, eliminar dúvidas e integrar os 
conceitos estudados (Marcondes et al., 2015).  
Embora este quebra-cabeça tenha sido avaliado pelos alunos, como útil para o 
aprendizado, era necessário avaliar, por meio de delineamento de pesquisa, se o uso deste 
quebra-cabeça realmente aumenta o aprendizado sobre fisiologia cardíaca. Diante disso, o 
objetivo desta dissertação de mestrado foi comparar o aprendizado de alunos que utilizaram o 
quebra-cabeça com aquele de alunos aos quais o mesmo assunto foi ensinado por meio de 
uma aula teórica.  
A apresentação da fundamentação teórica do estudo, delineamento, resultados e 
respectiva discussão serão apresentados no formato alternativo, no capítulo 1 que consiste no 
artigo resultante da pesquisa, intitulado “Effect of a puzzle on the process of students' learning 
about cardiac physiology, publicado no periódico Advances in Physiology Education, de 
acordo com as normas estabelecidas pela deliberação 001/2015 da CCPG da UNICAMP. 
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2 CAPÍTULO 1: Artigo: “Effect of a puzzle on the process of students' learning about 
cardiac physiology” publicado no periódico Advances in Physiology Education. Adv Physiol 
Educ 40: 425–431, 2016; doi:10.1152/advan.00043.2016. 
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Running title: Learning about cardiac physiology with a puzzle  
 
Abstract 
The aim of this study was to evaluate the effect of using a puzzle to learn about cardiac 
physiology. Students were divided into 2 groups: control and game. In Class 1 the control 
group had a two-hour theoretical class about cardiac physiology, including a detailed 
description of the phases of the cardiac cycle, while the game group had a 50-minute 
theoretical class, without the description of the cardiac cycle. In class 2, the Control Group 
did an assessment exercise before an activity with the cardiac puzzle, and the Game Group 
answered questions after the above-mentioned activity. While solving the puzzle, the students 
had to describe the cardiac cycle by relating the concepts of heart morphology and 
physiology. In order to evaluate the short–term learning, the number of wrong answers and 
grades in the assessment exercise were compared between the Control and Game Groups. To 
evaluate the medium-term learning, we compared the grades obtained by students of the 
Control and Game Groups, in the questions about cardiac physiology that formed part of the 
academic exam. In the assessment exercise, the game group presented a lower number of 
errors and higher score in comparison with the control group. In the academic exam, applied 
after both groups had used the puzzle, there was no difference in the score obtained by the 
Control and Game Groups in questions about cardiac physiology. These results showed a 
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positive effect of the puzzle on students’ learning about cardiac physiology, when compared 
with those not using it.   
 
Keywords: learning, teaching, educational game, physiology, puzzle 
 
Snapshot description  
We evaluated the effect of a puzzle on university students’ learning about cardiac 
physiology. Control group had a lecture, while the game group performed an activity with the 
puzzle before an assessment exercise about the cardiac cycle. The game group presented a 
lower number of errors and higher score in comparison with the control group, showing a 
positive effect of the puzzle on students’ learning about cardiac physiology.   
 
INTRODUCTION 
All students in the health science courses must understand the morphofunctional 
characteristics of the circulatory system and physiology of the cardiac cycle, to understand the 
physiopathological changes occurring in the heart and vessels. This is necessary to enable 
them to integrate clinical and basic science concepts (4, 17, 24), so that they are able to 
provide the population with guidance, and diagnose and treat cardiovascular diseases 
adequately (1). 
These topics are often approached in the subjects during the first year of health 
science undergraduate courses. Freshmen students go through a period of changes that may 
include moving from their home city, making new friends, adapting to new schedules, 
financial issues, distance from their familiar environment and worries about their professional 
future. These factors might generate fear and anguish, leading to academic stress that might 
hinder their learning abilities (31). 
In addition to academic stress, teaching methodologies also influence the students’ 
learning process. When the teaching-learning process is focused on students, they become 
responsible for their own learning (18, 21) and actively engage in the construction of their 
knowledge, developing critical and reflexive skills  (7, 12, 30, 32, 35, 46). Active 
methodologies are interactive processes of knowledge, analyses, studies, research and 
individual or collective decisions (10, 21). In the perception of students, active learning 
strategies facilitate learning, increase satisfaction in studying and having fun while learning 
(9, 14, 19, 33, 34). 
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Among the active teaching-learning methodologies, educational games may be 
mentioned; these are defined as competitive activities, simulations or non-competitive 
exercises with prescribed rules and procedures (2, 22). Game is a generic term that provides 
challenges and situations with integration of contents and learning activities including boards, 
letters and skilled activities (11).  
Different types of educational games have been used for training in healthcare 
courses, such as crossword puzzles (5), games using LEGO (44), game boards (15, 42), 
construction and manipulation of a skeletal muscle models (36), puzzles and card games (6, 
26, 37, 42). Educational games increase students’ interest in the topic being studied and 
develop their problem-solving and team work skills (6, 39, 43). 
However, there are few studies on the effect of educational games on learning and 
the results found differ. Barclay (6) observed an improvement in learning, demonstrated by 
significant increase in the grades obtained in tests applied after the use of card games in the 
teaching of cardiology and infectious diseases in an undergraduate course in Pharmacy. On 
the other hand, McCarroll et al (28) observed no significant difference in the scores obtained 
by students who used, and those who did not use a game about the identification of skeletal 
muscles, although the students positively evaluated the use of the game.  
Puzzles are a type of educational game. According to Michalewicz & 
Michalewicz (29), puzzles should follow some criteria: generality, simplicity, eureka factor 
and entertainment factor. Generality is related to the strategies that the solvers should develop 
and that will help them to solve other problems in the future. Considering simplicity, an 
educational puzzle should be simple and easy to remember, and in this way, its solution and 
the content addressed will be easily remembered afterwards. Another important feature of 
educational puzzles is called the Eureka factor: a puzzle has pieces that fit together; each 
piece fits into only one place, and those who are solving the problem, often use intuition to 
start their search for the solution, which usually leads them astray. Eventually, a hit (Eureka!). 
This time it is accompanied by a sense of relief; the frustration they felt during the error 
clears, and the students feel a sense of reward for solving the puzzle. This provides students 
with immediate feedback about their mistakes and successes. The last criterion is the 
entertainment factor:  puzzles should be fun and challenging, otherwise it is easy to lose 
interest in them. Entertainment is a result of simplicity, frustration, the Eureka factor and an 
interesting creation. However, it is not necessary for a single game to comprise all these 
criteria. 
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The coordinator of this study used a cardiac cycle puzzle as an active learning 
method for teaching Dental students about the cardiac cycle in Physiology classes (25). This 
puzzle has been described in a previous publication (26). It has been shared with physiology 
teachers in a teaching workshop in Brazil (27) and has been used to teach classes in biology, 
medicine, pharmacy, odontology, and nursing courses (26, 27). Analysis of the perception of 
students from different health career courses about this game showed that they considered the 
puzzle a useful learning tool (26). Although the students found that they understood the 
subjects better when using the puzzle, this does not mean that the game really had an effect on 
their learning. Therefore, the aim of this study is to evaluate the effect of the use of this puzzle 
on the process of undergraduate dental students learning about cardiac physiology, by 
measuring their performance in knowledge assessment tests. 
 
MATERIAL AND METHODS 
The study was conducted at the Piracicaba Dental School of the University of 
Campinas in Piracicaba – SP, Brazil, after approval of the Research Ethics Commission of 
Piracicaba Dental School - University of Campinas in Piracicaba (Protocol 34/2015). All the 
67 students aged from 18-25 years, taking the subject Biosciences II, were invited to 
participate in the study by signing the Informed Consent Form (ICF). When enrolling in the 
undergraduate program, students are randomly divided into groups A and B by the academic 
system. Based on this division, they attend practical lessons in laboratories capable of 
accommodating up to 40 people, at different times. For the present study, groups A and B 
were designated to the Control and Game groups by drawing names. The Control and Game 
Groups carried out the activity according to the course schedule in weekly classes according 
to each experimental group.  
The research material sources were learning assessment exercises and questions 
taken from the academic exam on cardiac physiology. The assessment exercises were used to 
follow the students’ teaching-learning process, and were not counted as a grade to pass the 
subject. These questions were used for formative evaluation throughout the subject, allowing 
the teacher to identify concepts that were learned and those that had to be revised in order to 
achieve effective learning. The sequence of procedures is presented in Figure 1.  
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Figure 1. Sequence of procedures used in the experimental design. 
 
The Control Group had a two-hour theoretical class (Class 1) about: the 
characteristics of the cardiac cells; physiology of the pacemaker and its control by the 
autonomous nervous system; comparison between the action potential of the skeletal muscle 
and plateau action potential of the cardiac muscle; cardiac conduction fibers; and transmission 
of the electrical stimulus in the heart. In this lecture there was also a detailed description of 
the phases of the cardiac cycle, and a discussion on the relations between the heart 
characteristics and events of the cardiac cycle. The teacher showed how the special 
characteristics of cardiac cells contribute to the cardiac cycle. At the end of this class, students 
were instructed to study the topic in the text book indicated, and were informed that there 
would be an assessment during the next class. After 4 days, at the beginning of the next class 
(Class 2), the teacher held a discussion with the Control Group, on the students’ doubts about 
the characteristics of heart cells and cardiac cycle. After the discussion, the students did an 
assessment exercise consisting of open and multiple-choice questions. 
The Game Group had a 50-minute theoretical class (Class 1) about the same 
topics addressed in the class attended by the control group, without the description of the 
phases of the cardiac cycle. In this lecture, the teacher did not show the relations between the 
special characteristics of cardiac cells and cardiac cycle. The students were instructed to study 
the topic in the same text book indicated to the Control Group, and were informed that there 
would be an assessment in the next class. After 4 days, in the Game Group’s next class (Class 
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2), before the test, the students carried out the activity with the cardiac cycle puzzle that was 
conducted as follows.  
Briefly, students in groups of 4-5 participants received the puzzle containing 
pictures of the cardiac cycle phases, illustrating the pathways of arterial and venous blood in 
the heart as well as contraction and relaxation of the atria and ventricles (26). Firstly, the 
students were asked to identify the correct sequence of the figures representing the stages of 
the cardiac cycle. The puzzle also contains: a table that has five columns and six rows, 
indicating the phases of cardiac cycle, atrial state, ventricular state, state of the 
atrioventricular valves, and state of the pulmonary and aortic valves; and chips that indicate 
the names of the cardiac cycle phases, atrial and ventricular relaxation or contraction, valves 
opening and closing, and heart sounds; these are used for filling in the table (26). The students 
were instructed to fill in the table with chips that indicated the state of the atria and ventricles 
(contracted or relaxed) and the cardiac valves (open or closed), the name of each stage of the 
cardiac cycle and the time when cardiac sounds occurred (26).  
This educational game has been considered a puzzle, because each chip has only 
one correct place where it must be included in the table. But differently from jigsaw puzzles, 
the chips do not give clues about where they fit. This is deliberate, to prevent students solving 
the puzzle without actually having understood the events of the cardiac cycle and the 
relationship between cardiac morphology and physiology. This puzzle represented a challenge 
because it was necessary to recall previous knowledge in order to place the chips in their 
correct places and answer questions about the relations between heart morphology and 
physiology as previously described (25, 26).  
Another characteristic of puzzles is the immediate feedback to the player about 
whether or not the piece has been correctly placed. In the activity with the cardiac cycle 
puzzle, this feedback is provided by post-graduation students and two Physiology teachers, 
acting as monitors. The monitors evaluate how the table has been filled out and inform the 
students whenever there was an inaccuracy. The monitors do not explain the subject to the 
students. They ask questions to enable the students to find the mistake and correct it. The 
students have to “discover” the answers and the relations between the characteristics heard 
and cardiac cycle events, by themselves. 
During the activity, the students had to use the game to describe the sequence of 
the cardiac cycle events to a monitor, and explain how the morphological (gap-junctions 
between muscle cells, valves, atrium and ventricular muscles) and physiological 
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characteristics (pacemaker action potential; plateau action potential; delay of action potential 
in the atrioventricular node; conduction speed of the electrical stimulus) of the cardiac muscle 
participated in the cardiac cycle. 
At the end of this activity, the students did the same assessment exercise applied 
to the Control Group. So that there would be no difference in the treatment of the students 
from the Control and Game Groups, after the test the students from the control group also 
carried out the activity with the puzzle. 
The maximum score for the assessment exercise, containing 6 questions, was 
grade 10. Of these, the first 3 questions concerned about the special characteristics of heart 
cells. In the first question, students were requested to analyze 2 graphs and identify which one 
illustrates the excitation-contraction coupling of the heart muscle and of a skeletal muscle. In 
question 2, the students had to use the above-mentioned graphs cited above to explain why 
there is no tetany in the heart muscle, considering the different ion channels of skeletal and 
cardiac muscles. In question 3, the students had to discuss the importance of having 
summation of contractions in skeletal muscle, and not in the heart muscle. In the fourth 
question the students had to describe which special characteristics of the cardiac cells allow 
that the ventricles to contract rapidly and simultaneously after the delay of action potential in 
the atrial-ventricular node. In question 5, students had to explain in their own words, what are 
and what causes the sounds we hear as heartbeats. The last question presents 9 sentences to be 
classified as true or false. These sentences were about the sequence of events of the cardiac 
cycle and the relation between the special characteristics of the heart and the continuous and 
efficient cardiac blood pumping.  
 To evaluate the short-term learning, the numbers of right and wrong answers 
marked by both the Control and Game Groups in the exercise assessment of Class 2 were 
compared. The hypothesis to be tested was that the game would have improved the students’ 
learning, and the Game Group would show better performance in this exercise in comparison 
with the Control Group. Control group had a lecture with a detailed description of the cardiac 
cycle events and explanation on how each characteristic of cardiac cells are involved in the 
stages of the cardiac cycle, followed by textbook reading. Game group had a lecture about the 
characteristics of cardiac cells followed by textbook reading and “discovered” the relations 
between these characteristics and the cardiac cycle during the activity with the puzzle.  
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In a later class (Class 3), 7 days after Class 1, all the students participated in a 
theoretical class in which a general discussion was held about the cardiac cycle, and the 
groups were invited to show their answers.  
To evaluate the medium-term learning, the grades obtained by students from both 
the Control and Game Groups in the questions about cardiac physiology that formed part of 
the academic exam of the subject were compared. This test was applied 25 days after Class 1. 
Considering that before this test, both the Control and Game Groups had carried out the 
activity with the puzzle, therefore, the hypothesis was that there should be no difference in 
performance between the groups. 
The academic exam consisted of 29 questions, with 10 questions being on 
histology, 4 on biochemistry, and 15 questions on physiology. The physiology questions were 
divided as follows: 4 on endocrine physiology, 4 on respiratory physiology, 2 about cardiac 
physiology, 3 about regulation of blood arterial pressure and 2 about hypertension. To 
evaluate the effect of the game, the 2 questions about cardiac physiology were considered to 
this study. These questions covered similar topics to those of question in the assessment 
exercise. One of these was a multiple choice question and the second consisted of 8 sentences 
that had to checked as true or false. These issues deal with the relation between the 
characteristics of heart cells, and the sequence of events of the cardiac cycle. In the academic 
exam each question was worth 0.34 points. Therefore, the issues about cardiac physiology 
totaled 0.68 points. This sum was normalized to 10 and these normalized grades of the control 
and game groups were compared. 
The students’ perception about the puzzle was analyzed by means of a survey 
applied in the last class, after the last exam, at the end of the semester. All the students were 
invited to answer the question “In the classes on cardiovascular physiology, the cardiac cycle 
puzzle was used. How did you evaluate the activity with this puzzle? Did it help you with 
your learning process? Why?” Forty nine students answered the question. This survey was 
anonymous and therefore the answers were not separated by groups. 
The researcher responsible for this study was the teacher who taught the classes to 
the students. Because of this, to assure the volunteers’ autonomy and reduce the vulnerability 
of the students in the decision to participate in the study, the request to use the data in the 
research was presented to the students at the end of the term, after the release of the final 
grades in the subject of Biosciences II. The invitation was made outside class time, at a time 
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scheduled for this purpose. On that day the students were also invited to answer the question 
about what they thought of the puzzle as a way of learning. 
For statistical data analysis, the number of wrong answers obtained in the 
assessment exercise, and the grades obtained in this exercise and in the academic exam by 
both the Control and Game Groups were compared using the unpaired Student’s-t test at the 
5% level of significance. 
 
RESULTS  
Out of the 67 students who were invited to participate in this study, 62 gave their 
consent: 28 and 34 in the Control and Game Groups, respectively. 
In the exercise applied in Class 2, the Game Group presented lower number of 
errors and higher score in comparison with the Control Group (p < 0.05). In the academic 
exam, applied after the use of the puzzle by both groups, there was no difference in the score 
obtained by the Control and Game Groups in the questions about cardiac physiology (p >0.05, 
Table 1).  
 
 
Table 1. Students’ Performance in the assessment exercise and test questions about the 
cardiac cycle.  
 
Group N Number of mistakes 
(assessment 
exercise1) 
Grade 
(assessment 
exercise1) 
 
Grade 
(test2) 
Control 28 5.62 ± 0.68 5.51 ± 0.35 8.93 ± 0.40 
Game 34   2.74 ± 0.42 *   7.20 ± 0.22 * 9.12 ± 0.33 
Values are means ± SE. The assessment exercise was applied in class 2 to evaluate short-term 
learning immediately after (game group) or before (control group) the activity with the 
cardiac cycle puzzle. The test was applied 25 days after both groups had carried out the 
activity with the cardiac cycle puzzle.  
*Statistically different from the control group (P < 0.05). 
 
 
During the activity with the game, the teacher and monitors observed the 
discussion in the group of students. They noted that students were engaged and interested in 
the content, and showed satisfaction with being able to solve the puzzle. 
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Considering the perception about the puzzle, 49 answered the survey. Of these, 47 
(96%) students considered that the activity with the puzzle helped in their learning process, 
because it helped them to understand the subject, made the subject easier, helped  them to 
think about the topics, made it easier to visualize the processes, it made it fun and an 
interactive way to study. Two students answered that the activity did not help them because 
they were able to learn about the subject in the lecture only. 
 
DISCUSSION 
The results of this study showed that the use of an educational game improved the 
learning process of the undergraduate dental course students, on the subject of cardiac 
physiology, and confirmed the students’ perception that the use of this game helped them to 
understand the topic better. 
These results are in agreement with the studies of Stetzik et al. (41) and Su et al 
(42). Stetzik et al. (41) compared the performance of medical students through games and a 
test after theoretical classes and classes with puzzles about anatomy and physiology 
throughout a school semester. They reported an improvement in the students’ performance 
after use of the games in comparison with the performance obtained after the theoretical 
classes. Su et al. (42) assessed the effectiveness of a game of cards about human immunology 
by pre- and post-test comparison.  
Our results are also in line with the study of Rubinstein et al. (38), with medical 
school students , in which traditional classes were compared with classes using a puzzle on 
the electrocardiogram. Students were divided into two groups, one group had a traditional 
lecture on ECG interpretation followed by a test and a lesson with the puzzle. Another group 
had a class with the puzzle, followed by the same test and the traditional lecture on ECG. The 
students’ perspective of the teaching method was also analyzed. The puzzle contained parts 
that fitted together to form a basic diagnostic ECG, and other pieces that combined to form 
other diagnoses. As a result, an improved understanding of the subject was obtained when the 
lecture was combined with the puzzle, in comparison with using the puzzles or lecture only. 
Most students evaluated the method as being useful and less stressful than when they only 
attended the traditional lecture. 
The authors of the present study considered the educational game used in their 
study to be a puzzle, because it has the following characteristics of puzzles: generality, the 
Eureka factor and entertainment value. Considering generality, its solution requires the 
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students to relate their previous knowledge and morphology to the function of the heart. This 
is a strategy that will, for example, allow them to understand cardiovascular responses to 
exercise or stress. The Eureka factor is provided by continuous and immediate feedback by 
monitors, allowing the students to know whether the solution is correct or not, and making 
them find their mistakes and correct them. Moreover, according to the students’ evaluation, 
the cardiac cycle puzzle also fulfilled the criterion of the entertainment factor, because it 
helped them to understand the subject in an interactive way that was fun.  
The difference between the ECG puzzle of Rubinstein et al. (38) and the cardiac 
cycle puzzle used in the present study is that in this puzzle the chips do not give clues to 
where they fit. This characteristic was deliberate to ensure that the students understood the 
subject when they placed a chip in the table. Apart from this difference, the present study 
added evidence showing how a puzzle made with simple and cheap materials could help 
university students to understand key topics in cardiovascular physiology.  
Our study was carried out in a real class situation, during development of a 
mandatory curricular subject schedule. The teacher, FKM has been using the cardiac cycle 
puzzle since 2003, and noted that its use seemed to improve the students’ comprehension of 
the subject. According to the students, the game helped them to understand the concepts and 
events of the cardiac cycle (26). Nevertheless, its effect on learning has not yet been evaluated 
in accordance with scientific research guidelines. One of the difficulties of this type of study 
is that at first, it could lead to impairment in learning if the puzzle were in fact efficient and 
were not used with the control group. 
Therefore, for the design of this study, we proposed a comparison of the students’ 
performance between the Control and Game Groups, respectively before and immediately 
after the use of the educational game. Furthermore, after the assessment exercise was done, 
the activity with the cardiac cycle puzzle was also used with the Control Group. This 
comparison allowed evaluation of the short-term performance of the students with (Game 
Group) and without (Control Group) use of the puzzle. The smallest number of mistakes and 
the highest grade obtained by the group that had used the game, in comparison with the group 
that had only attended the theoretical class, indicated that the Game Group showed better 
comprehension of the topic at the time. 
Students in the game group had attended a short class in which the teacher had not 
given all the information, and had instructed the students to study the topic in the textbook the 
teacher had indicated. In the theoretical class, the special characteristics of the heart were 
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presented; however, how they were related to the cardiac cycle events was not described, nor 
was the sequence of the cardiac cycle. For this group, the activity with the puzzle was a 
strategy to promote the students’ learning process, leading them to “discovering” some of the 
concepts and relating the morphology to the physiology of the heart. 
Students in the control group had a “full” theoretical class, in which the teacher 
passed on all the information about the cardiac cycle, indicating the importance of the 
morphological and physiological characteristics of the cardiac muscle in each phase. This 
group was also instructed to do the same reading indicated to the Game Group. For the 
Control Group, the use of the puzzle was a complementary activity to the class, to strengthen 
the content previously taught. The difference observed in the students’ performance indicated 
that the information taught orally to the Control Group was less efficient in promoting the 
students learning process, in comparison with the process of discovery and group discussions 
developed during the activity with the puzzle. 
On the day of the academic exam, applied 25 days after the activity with the 
puzzle, both the Control and Game Groups had done the activity with the game. The fact that 
there was no statistical difference between the groups in the scores obtained in the academic 
exam confirms the efficiency of the puzzle. This interpretation was supported by the fact that 
the difference between the groups, observed on the day of the activity with the puzzle, when 
one group responded to the assessment exercise before and the other after having used the 
game, was no longer evident after the students from both groups participated in the activity 
with the game. 
Due to these conflicting data, it is not possible to rule out the possibility that the 
difference in performance observed in the present study might be related to the Hawthorne 
effect, through which people react positively to a new situation (33). The activity with the 
game allowed greater proximity between students and teachers, and might have made the 
teacher’s concern about their learning more perceptible by the students. In the theoretical 
classes, the teacher’s role was to pass on the information, and to learn, it would be up to the 
student to study the information received. In the activity performed with the game, the teacher 
and monitors helped the students to build their knowledge, developing an effective teacher-
student interaction. In this situation, the students feel appreciated by the teacher; that is, they 
realize that the teacher is indeed interested in their learning. 
Another factor that might have influenced the results obtained in the present study 
was the affectivity between the individual who learns and the topic “to be learned”. Cognition 
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is influenced by emotions and vice-versa (3, 45). In this context, the classroom environment, 
the teacher-student and student-student relationships influence the relationship between the 
student and the object of study. When the classroom environment and the interpersonal 
relationships are pleasant, a positive affectivity is developed, favoring the teaching-learning 
process (23).  
Although we did not take any objective measurements during the theoretical 
classes taught to the Control and Game Groups, there was little teacher-student interaction. 
This interaction was limited to questions asked by a few students. On the other hand, during 
the activity with the game, the teacher observed the discussion in the group of students, giving 
positive feedback by indicating right answers, or asking questions to lead the students to 
noticing and correcting the wrong answers. These interventions were made cordially, not 
showing surprise or frustration when a student had a doubt or was wrong even in a basic 
concept. The teacher also guided the interaction with other members of the group, so that 
everyone’s doubts were heard and respected. It was emphasized that everyone was there to 
help each other and learn together. 
One of the factors responsible for the positive effect of educational games may be 
related to the formative evaluation during their use. Formative evaluation provides the 
students’ with feedback, and also allows the teacher to identify what the students know, and 
this is a critical component of student-focused teaching (20). This type of evaluation allows 
the student to learn the previous concept before being introduced to new concepts (13). Bailey 
et al. (5) developed games to teach gastrointestinal physiology in a Medicine course. The 
content was divided into 5 topics, and at the end of each topic one of the games was 
introduced to the students. The authors discussed the importance of games so that teacher and 
students could receive feedback about the topics that needed to be reviewed. In the present 
study, the formative evaluation occurred during the group discussions held during the activity 
with the puzzle. Each student could identify what he or she had in fact understood and if he or 
she had any doubts. Thus, the students were continuously evaluated throughout the teaching-
learning process. 
In the present study, the students also found that the activity with the puzzle 
helped in their learning process because the game made it easier to understand the topics 
studied and was a fun and interactive way to learn. These data confirm the perception of the 
students, described in a previous study (26), in which the game was useful in obtaining a 
better comprehension of the content studied. 
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Since the students’ engagement and their satisfaction in solving the puzzle were 
noted by the teacher and monitors, it seems that the interactions during the activity with the 
game may have promoted their approach towards topic studied. According to Rodenbaugh 
(37), solving a puzzle game involves investigation, discovery, visualization, prediction and 
solution of problems. Therefore, the students experience a feeling of fulfillment as they 
conclude the puzzle challenge, which is important because the reward for concluding a 
challenge builds the confidence to take on new challenges (37). 
For a long time, the teacher was the students’ source of information and 
knowledge. Nowadays, students acquire information in different ways because they have 
knowledge of information technologies and from the time they are very young, they have 
access to the internet and have mastered its use. It is necessary for teachers to acknowledge 
that students no longer depend exclusively on them to acquire information, and that the lack 
of this perception may justify students’ low attendance and inattention during classes. 
Teachers must rethink their role, and assess what students cannot do efficiently on their own 
(40). 
In the perception of teachers and students, educational games can increase 
students’ motivation and participation in class, and facilitate their learning (26, 44), 
representing a change in the teaching pattern, in which students go from “learning by 
listening” to “learning by doing” (16). 
Although online games are different types of educational games, they also show 
positive effects on learning (8). Using an online game, 100 first year medical school students 
correctly performed a blood transfusion in a virtual patient. After the activity, the students’ 
perception of the game was assessed. Most students reported that the game helped them to 
understand blood typing, and strengthened what they had learned. They evaluated the activity 
as fun, which is important to break monotony of the classes and increase students’ active 
participation. Moreover, the students would like to have this type of activity for other topics 
(8). 
Rodenbaugh et al. (36), in a study conducted in a nursing course, built a skeletal 
muscle model during the class and as a result the teacher noted a high level of students’ 
engagement during construction of the model, differently from what happened during the 
classes without construction of this model. The students’ engagement was assessed by their 
level of attention, and the quality of their discussions and team work. 
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The limitations of the present study were that the effect of the game was evaluated 
in the short term; however, we attempted to complement this analysis, by assessing the 
performance of the students in a test, after both groups had accomplished the activity with the 
cardiac cycle puzzle. This setting was necessary to respect class times of the subject involved. 
This study could have been conducted experimentally only, outside class time; however, the 
goal of this study was to evaluate the effectiveness of the game inside the real routine in the 
classroom. In a future study, we intend to analyze the effect of the game on long-term 
learning, by assessing what the students can still remember about the topic by the time they 
reach the second to the fifth year of the undergraduate course.   
 
CONCLUSION 
In this study, a positive effect of the cardiac cycle puzzle on the students’ learning 
process was evident. This effect was identified by analyzing the students’ performance in an 
assessment exercise and in an academic exam, and the students’ perception of the 
methodology that was used. The present study shows an important collaboration of the active 
teaching methodologies, by showing a possible setting for use in a real situation during the 
development of an undergraduate course subject. In addition this study makes a contribution 
to learning/teaching by showing how simple didactic material may be developed to help 
students understand basic concepts and relate the morphology to the physiology of organs and 
organic systems. This approach may be adapted to other topics and subjects. 
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3 CONCLUSÃO 
Foi evidenciado que o uso do jogo educacional “quebra-cabeça do ciclo cardíaco” aumentou o 
aprendizado de alunos universitários, do primeiro ano do curso de Odontologia da Faculdade 
de Odontologia de Piracicaba – UNICAMP, sobre fisiologia cardíaca, além de ajudá-los 
compreender e relacionar a forma à função do Sistema Cardiovascular. 
 
A metodologia utilizada neste estudo mostra uma forma de avaliar, na rotina de sala de aula, 
se uma metodologia de ensino é eficaz para o aprendizado.  
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APÊNDICE 1: Jogo Educacional – Quebra-cabeça do Ciclo Cardíaco 
 
Este jogo educacional é um jogo de simulação, sem objetivo competitivo. 
 
1. Objetivo do jogo 
Compreender como as características especiais do coração contribuem para o seu 
funcionamento, relacionando sua morfologia com sua fisiologia. 
 
2. Descrição do jogo 
O quebra-cabeça do ciclo cardíaco foi desenvolvido com base em figuras adaptadas do 
livro didático “Fisiologia Humana” (MOFFETT, MOFFETT & SCHAUF, 1993), e é 
constituído de uma prancha com figuras, uma tabela, e fichas.   
As figuras representam as fases do ciclo cardíaco (Figura 1).  
A tabela (Figura 2) contém 6 colunas com as seguintes indicações: 1 – fase do ciclo 
cardíaco, 2 – figura, 3 – estado atrial, 4 – estado ventricular, 5 – valvas atrioventriculares 
e 6 – valvas pulmonar e aórtica, que deve ser completada. 
As fichas (Figura 3) indicam as fases do ciclo cardíaco (enchimento passivo, contração 
atrial, contração ventricular isovolumétrica, ejeção, relaxamento ventricular 
isovolumétrico) e as respectivas figuras, o estado dos átrios e ventrículos (relaxado, 
relaxado em enchimento, em contração isovolumétrica, em contração – ejeção, em 
relaxamento isovolumétrico), o estado das válvulas cardíacas (abertas; fechadas) e as 
bulhas cardíacas (primeira e segunda). As fichas que completam a segunda coluna (fases) 
estão em negrito, para evitar confusão com as fichas que indicam as fases “contração e 
relaxamento isovolumétricos” e as fichas que completam o estado ventricular “em 
contração ou relaxamento isovolumétrico”. 
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Figura 1. Figuras das fases do ciclo cardíaco. 
Fase 1: ____
Fase 2: ____
Fase 3: ____
Fase 4: ____
Fase 5: ____
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Figura 2. Tabela constituinte do quebra-cabeça do ciclo cardíaco. 
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Figura 3.  Fichas para preenchimento da tabela do quebra-cabeça do ciclo cardíaco. 
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3. Descrição da atividade 
Antes da atividade com o jogo, sugere-se ministrar uma aula, com duração de 30-40 
minutos, sobre as bases da fisiologia cardíaca, abordando as características especiais das 
células cardíacas (fisiologia das células marcapasso e seu controle pelo sistema nervoso 
autônomo, comparação entre o potencial de ação do músculo esquelético e o potencial de 
ação em platô do músculo cardíaco, fibras de condução cardíacas e transmissão do 
estímulo elétrico no coração, sem a descrição do ciclo cardíaco). Desta forma o jogo 
estará sendo utilizado como método ativo de ensino para o tema ciclo cardíaco. Porém, a 
critério do professor, a atividade pode ser utilizada após aulas teóricas com a descrição 
completa do tema, tornando-se neste caso uma estratégia para reforço do aprendizado. 
A atividade com o jogo pode ser imediatamente após essa primeira aula ou em aula 
posterior. Neste caso, os alunos são orientados a estudar o conteúdo abordado em sala de 
aula e o ciclo cardíaco antes da atividade com o jogo. 
Para a atividade, os alunos são divididos em grupos de 5- 6 alunos e recebem a 
prancha com as figuras (Figura 1), é solicitado que analisem as figuras que representam 
as fases do ciclo cardíaco e identifiquem a sequência correta em que elas devem ser 
colocadas. Se a sequência estiver correta, eles passam para a próxima etapa. Caso 
contrário, o professor deve informar que a sequência não está correta, sem indicar onde 
está o erro e o grupo deve rediscutir e redefinir a sequência correta. 
Na etapa seguinte, é solicitado que completem a tabela (Figura 2) utilizando as fichas 
(Figura 3), relacionando cada fase a uma figura.  
Enquanto os grupos montam o quebra-cabeça, o professor questiona a cada grupo a 
escolha das fichas, sem fazer as correções diretamente. Desta forma, os alunos são 
estimulados a discutir e rever suas escolhas, auxiliando-se mutuamente durante o trabalho 
em grupo. Após o preenchimento correto da tabela, são apresentadas as seguintes 
questões para discussão em grupo: 
 Como o estímulo elétrico é transmitido no coração durante um ciclo cardíaco?  
 Por que o retardo do estímulo elétrico no nodo atrioventricular é importante para a 
função cardíaca?  
 Quando e como as válvulas cardíacas fecham e abrem?  
 O que são e quando ocorrem as bulhas cardíacas?  
 Como as junções abertas participam da condução do estímulo elétrico e da 
contração do músculo cardíaco?  
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Nesta etapa de discussão das questões, fica a critério do professor, permitir que os 
alunos consultem suas anotações de aula e livros didáticos. 
Esta atividade tem duração variável de acordo com o desenvolvimento de cada turma, 
quantidade de professores e monitores para a aula. 
Ao final da atividade com o jogo ou em uma próxima aula, o professor deve realizar 
uma discussão geral com os alunos, a fim de resumir os eventos do ciclo cardíaco, a 
importância das características especiais do coração para o seu funcionamento e 
esclarecer dúvidas que restaram após o jogo para garantir que os aspectos essenciais 
tenham sido por todos os grupos. 
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ANEXO 1 – Certificado do Comitê de Ética institucional 
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ANEXO 2 – Autorização do periódico para utilização do artigo publicado na dissertação 
de mestrado 
 
